The proton elastic resonance scattering induced by radioactive secondary beams has been studied in inverse kinematics at CIAE since 2005. The so-called thick-target method is applied to obtain the excitation function in a one-shot experiment of a single beam energy. Up to now, several light nuclei systems including 13 N+p, 17 F+p, and He+p have been successfully investigated with this method. A general introduction of the method and a summary of the results are presented in this paper.
Introduction
Nuclear astrophysics deals with the mechanism of the energy generation and element synthesis in various cosmic environments, by combining the astronomic observations with laboratory nuclear physics studies [1, 2] . Therefore, understanding the underlying physical processes of star evolution relies on both, and in particular, studies of the relevant reaction network are of prime importance in reproducing the observed element abundances. The nuclear inputs need, according to different astronomic processes, mass, half-life, decay and reaction rates, separation energy etc. Among these, the single-particle or α-cluster resonances close to the threshold are of fundamental importance in nuclear astrophysics, since their dominant role in determining the reaction rates and therefore the thermonuclear runway [3, 4] .
The properties of the resonances are normally obtained by analyzing an experimental excitation function. For a stable projectile and target combination, the excitation function can be measured precisely by changing the beam energy in small steps to hit a very thin target. For nuclei with short lifetimes, the so-called thick-target technique with inverse kinematics is a novel way for the experimental excitation function [5] [6] [7] [8] [9] .
The proton resonance scattering induced by radioactive secondary beams has been investigated [10] with the thick-target method at CIAE since 2005. The method has an advantage that allows one to obtain the excitation function in a one-shot experiment of a single beam energy. Several light nuclei systems including 13 N+p, 17 F+p, and 6
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He+p have been successfully investigated, and a summary of the experimental results is given in this paper.
The experiments were carried out at the radioactive secondary beam line [11] of the HI-13 Tandem accelerator laboratory, Beijing. In order to fulfill the requirements of the thick-target experiments, certain measures were taken to improve the secondary beam intensity in particular. As an example, the intensity of 13 Secondary beam N was enhanced by nearly an order of magnitude from about 1200 particles/s to 10000 particles/s. The secondary beam production conditions are listed in Table 1 . Similar experimental setup was used in the series of thick-target measurements, and a schematic layout is shown in Figure 1 . The secondary beam was collimated by a φ9-φ5 mm collimator complex to limit the beam spot size. A 13.2 µm thin ORTEC silicon detector was used to monitor the secondary beam in front of the target. (CH 2 ) n foils with thickness enough to stop the secondary beam ions were used as the reaction target, while carbon foils with equivalent thickness served for the background evaluation. The recoil protons were detected by a ∆E-E telescope, which is composed of a 60-70µm double-sided silicon strip detector(DSSSD) and a 1mm multi-guard silicon quadrant(MSQ). The telescope was placed at 15° instead of 0° to avoid the direct bombardment of the DSSSD by leaked light-ion components. 
Results

3.1.
C+p
In order to check the feasibility of the thick-target experiment at the local radioactive secondary beam facility and the performance of the detector system, the 12 C+p elastic resonance scattering was measured with conditions similar to those of secondary beam [12] . The 12 C beam was scattered into the secondary beam line, with the setup shown in Figure 1 , the excitation function of 12 C+p elastic resonance scattering was obtained as shown in Figure 2 . One can see that the theoretical curve agrees well with the experimental excitation function, indicating that the experimental excitation function can be well reproduced with the known resonance parameters. Figure 2 . Experimental excitation function for the 12 C+p elastic resonance scattering, the R-matrix fitting calculations with compiled resonance parameters is shown as the solid line.
3.2.
13 N+p The experimental excitation function is shown in Figure 3 . Figure 3 . The experimental excitation function for 13 N+p scattering. The inset shows the observed 14 O levels in the experiment. The best fitting result is indicated by the solid line.
The experimental excitation function covers the energy interval of E c.m. ≈ 0.5-3.2 MeV, in which five low-lying proton resonance states in 14 O are observed [13, 14] . The 0 -state shows up at 5.71 MeV in 14 O as a broad s-wave resonance, with a width of 400(45) keV, in good agreement with a work published shortly before [15] .
3.3.
F+p
Understanding the most violent explosions in the universe, recognized as supernovae or X-ray bursts, relies on the realization of the ignition conditions and thermonuclear runway. The commonly accepted breakout paths from hot CNO cycle to the rp-process include 14 Figure 4 . Only two s-wave resonance states in 18 Ne were observed [18, 19] , with deduced resonance parameters in consistence with previously reported ones [20] . 
6 He+p
Study of 6 He+p elastic resonance scattering is motivated by nuclear structural issues, in particular, to search for the isospin analog state of the first excited state of the neutron drip-line nucleus 7 He. The measurement was done with a 6 He beam of the energy of 36.6 MeV, and the experimental data are being analyzed currently.
Summary
The thick-target method has been applied for studies of proton elastic resonance scattering induced by radioactive secondary beams. Experimental excitation functions for several light nuclei system have been measured, and the resonance parameters are deduced via R-matrix analysis. The preferable population of lowlying s-wave resonances in the compound nucleus is obvious in the studied system, and these resonance states are of close relevance to the proton capture reactions in different hydrogen burning processes at various cosmic environments. Therefore, the deduced resonance parameters are useful for elucidating the properties of resonance levels of astrophysical interests.
